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EQUATION OF STATE AND CRUSHING DYNAMICS OF LOW-DENSfIW SILICA AEROGELS

Ron MBJE and J. J. DICK

Los Msmos NsJtiortslLaturatory, Los Alamos New Mexico, 87545*

:E.T
ssion of bw+nsity silica asN@ reveals ● mtc process asscrcisd with he aushing dynamics of the nssogcl
bcxkkd msgrsctic iqulse vcloctty gauge (MN) experiments haw b mXc@isM on rkatsity 0.3and

o.12gkIs13 mslcrinlL mmtigmk kk~fmtilow~(-o.l soo.2ma)r cgimc,a ssdapationof
sruc (EOS) data be been M%M ~ ~~g ~ incmscs with qrplicd prsuurc in this bw ~sure region.

1. INTRODUCTION

Wehavcundmkal ancx-mw-m
ir.twstigateshe potential d silia sca@s as bw shock

impr!dance mataislsfcT rsscinthe&?CrmiMdotr of bw-

pStSSUfC ~U~tiOltS of sta@ (EOS) d !s.i@texplosives. ~

necessitates a study of b shock-based EOS of dtc aaogels.

l%crcsults ofthisstudy sodatcarcrcportd inthispapeX.

I.1 Aaogek

Aaogcls arc cohcrcm expanded solidified @s with dss

Iquid phase removed. ~ PI’SSIXSSfw ptUdUCti9tt Of such

rmmisls has undergone ccsuinuotrsiqrrovematt and

rmodTKation since frrst Mrtg discovuaf by Kistkr.1 m

mswriak used in this study uc Si02 of initial densities 0.3

and O.12 g/crn3 with, krtst 1% irrrpuAtksof hydr~gus and

CartXsn. -ntcsarnpks wa’cobts.id i%otnthclAmnCe

Livumorc National Momtory and MST-7 Stbs Alassm

National IAmratory,

1.2 Prcpamn(nl

I%e ssmples were ~hincd 10shqx for Oreinscrtiorr of

the embedded magnetic impulse vclatity (MJVJ gauge used

for these experiments.2 ‘flw irthnl shape is I right cimskr

cylindcz approximately 54 mm disnwtcr by 3S mm high. A

chord is drawn on one fax tpprox{nutcf y 1/’3of ● dimsscta

in from the edge ●l I saw cut rnsdc, with the blade orkntsd

elong the chord, nnd at an angle of ●pproximstcly @to the

axis of the cyllrrtkr, lltis prufuces ~ nominally 3(P wedge

off the face of the cyliodu tbt pmvidcsthe rnrwnting

surf~e fm the multklenmrt gauge Aftcs the gmsge is

mounted, the wedge is rcplarcd over the gsuge and she

sa@kappemtok acylittduooc.c agsiawidsdscgaugc

ICadscxitin gfsorssthcsideofthecylindcr. Orcatcucsrsust

bctaka~iausunbiy astkacrogcls aseqtsiwfragik -

breakinglike gkss with Vay link @.kxl fem. ,

1.3 DMlculda

-fitcft@ityddlc amtplakadscmctob $vay+

ingf@d= g$W@mgcinso thcsnIs’@m Ckt’euswssitl

hcttlscrmy k!adto~sssassbiy ppsofftlc-dti

gau~ddckncasormac. ntWegapamanuegs dKslmslvuitt

thcdatairr Somswhas Unpulictabk ways ad I-

discussion of sum bshavior will m dr la-in thk ~. In

addhion to the gluing problems, one mustbecJutious of the

type of glue uwd as these mstcxials arc also quits wmnisivc to

absortig $sty @id.

2 EXPERIMENT’S

‘llsesassqk prsrpadssrkuaibsd abowareafthedto

●tsrgctpk aaserkscrfsnt andwbdlypinsalso

uuachal.Thispktc is inscrkd into the tnrga chamber d a

72 mm bum light-gas gun with the ssnspk fsa facing ttts

projmtile Sfsdthe fti active gmtge ekrrscnt pair (one velocity

and orw isrqndsc) naninally I mm beneath the impact surft ‘e

of the sampk. Subsequent gauge elcrrunt psim am kxatcd

qrproximdy at I mm aditiorml depdts for five gauge

ekmcl,, #rs Fkch ~W~ iS istscstcd~1an ssrgk of 3@

Iltc errt~ target assrmbiy IS Imrmrscd in a uniform

msgnctk field orkntod normal to both the gnucc cknwnt and

the directkmd projectiletmvcl, Upon Impact of ths

pjmdle and target the gauge ekmarts are su into rmrtkm

I ,,...——.- ..... .-..—.. -.---..——....... ...- .- ----. -—----. .,. “.. . ,., ,,.



sapcntidfy byshcnsoving mareridinthc sample andthcir

mOsiostsinthcstXicmagncdcfscldin duc!eavoitage

psopcmional to the particle Velocity of Shcflow. In Sdditim

the impulse gauges in the gauge package also move through

tftc magnetic fickf with Ihc flow and SCS@C M induud

voltage pmpostionai to the time intEgmf of the stress,

AIUf)%k d tksc datSyk.fd tht ~SSUSC and parkfc vdocity

VCfWS tisU fof each Of M fiVC @U,& pd.f (’@W@WI)

positions as well as two mcmds of wave tival vcrsssstime

from the particle velocity and impulse gauges separately.

Thcacdataprovidc aseardofthc cntshingdynamics ofshc

aczogcl sampkas thcmatrixcOllapsa Isrs&rthc applicatiost

of pccwrc. “his cnsahhtgis d fundamcntaf @rmaIKz in

analysis of the dma and in application of such matcsids in

low pressure shock wave swarch.

3. DATA

Ilrtss far, thru WV gauge shots have &en fired. Other

wu’k inciudcs Fabry-Pw’ot intcrfcro~ and some

~mlimiruly sp@mK@c studies! Only the gauge Wcxk will

be rcportd hem Figllle 1 shows Shcparticle velocity

rcznrds from shot S00. in Flgtsrc 2, the individual rcunds

arcmovcd toacorrmnr timandthc sukismagrrifsedto

show the early behavior of the flow Iltc principal fcmurc of

both Pigures land2isthc ovadrivc apprcmasthc

dcc@rrg spike in uch of the individual rsxords &t the last

mad of shot S00 the spike has nsxriy decayed away, This

spike is ptwcnt in all shots done to date and scveraf

explanations arc being anssidcrcd for the phenonwnon.

Included in these posaibilkica are gauge package assembly

problems rcs.uldrrg in gaps and an initial “inerl” constant.

porositj response to the appllcd stress. 71tc simplest

t’xplanation would appear to bc gsugc aswnbly pmbkms.

Nevcrthekss, out fttnn tmdcs the spike one clearly wcs Ifrc

evolution of a Very steuly wave shape particularly in

Figure 2, Amnming that the flow is stxdy (as vcnfd by

analysis of wave arrival timca) allows a vcq ~imfrk

anal) is, Similar analyds has been done for the two othcc

shot, find on these mate, ‘M.

4, ANALYSIS

Tlseassurssptkmd steady flow allmw an immediate

mductkm of the data ard extraction of du distssstism
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pararsxtcr, W dctlncd as the rwio of the spwiflc vrrlumc of

the shocked porous nsatwid, V, to the specific volurrti at the

xmnc pmsstsm and energy of the fully solid mntcrial, V~,

Cllvcn the prcssurt and the intctnal energy from a pnint on

Ihc wave PsMk orrc XOIVCSfur Vd fnm~ Ilk equation of

state of the solid matsziaL This pnrccdurc amnrrcs that

pmssurc In known as a function of vohsmc and cnfrgy for

the solid material. ‘IIIus, fur a given rsxosd, onc h-s particle
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where

P(l) - PO usI@) 4.0.1

p(1) - *u@sp(t) 4.0.2

E(l) - ; Up({)z 4.0.3

a(’) - Vd+wmi) 4.0.4

v(1) - ~ , 4,fL5
p(1)

Ilaving Ibis simpk fcwnsslism me is in she position of

carefully examining k Hsavior of a wkh I u suggested by

1lcrrmann.3 Plgurc 3 is a plot of he vari~Ilon of a with I

for stmls IKKl usd 803 whcR OK ~rlincnl shosdms arc

shown in Tables I and Il.
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TABLE 11

Initial Dnta
Initial Density Project ile Vcloril y

shot # (g/cm’) (mm/~s)

799 0.3 0.303 —

800 0.3 0,332

803 o,Q85 0.791__ —.-—___. —
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Ahalccarspismhd mofirttcrcssandshm isbld

M shevarhksn ofawkh P through the WSVC prdk. h u

irnfmOnlto rsamshudtlsvarimion dJffcfsfrosnshc Pma

mrissbm suggesd ~ tkrrmud BAc4 sw(lh.~ llsis

vtiotion of a whls P is the Imrrdak convolurlar of the rare

of pm collapse wish lhc current vdssc of a d k pressure,

P, hm~h she steady wave. ‘llsc cqsomnlial ml

Imlymwrsial ex~sitms fasd in Ilw Ilscmlmc ciscd dmvc

rrfcr to the qullltwium value of the dlsstmlon, CLsxmprcd

In thr qullihiurn pressure, P, anairsal m IIIC end of Ihc

thixk pmccss, Flgurc 4 shows the dnla from shot IM)O,

Nuw tithe da follnw a nearly perfect straight line AI

pointed can m us by Fmd this h she dlr?cs rmuh of the

nnmmmssmjump cmditlus snd she fact lhsl [he flow 19quite

Pldy 1~ ~hdy MSUlld. ~il StUy k Wfsl dimly by
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examination of equation 4.0.6, the resultof combining

quations 4.0.1, 4.0.2, and 4.0.4,

4.0.6

which admirably reproducestheSIOPCseen in F]gurc 4 with

V~ act equal to V%. At the pmsurcs aniiincd in these

experiments the tiao~ f-rwaon tit fu~ q- U

nearly incompmsaiblc is cxcclknt.
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5 CONCI.(ISIONS

The cxp-imcnts camicd out thus far on these malmials of

extrcnw initial distention indicnte that a signifrcanl rate

prucess govcms the steady wave bchmvior [ssorder 10 usc

the tnatctials as dtrxk wave standards in further EOS wock

on other materials such as high explosives, one must fully

charactcrim the rm dcpcndencc of tJK pm collapse Fmm

the data prc=nlaf in Flgurr 3 it is cvidcm hat a fairly simple

rMtc mrdc! for pure cmllapsc in this matmia! is siimdy

nvalldrle, In pmlimirwy hydrwmxk rmxlchng of thtsf

experiments w have uwd the mtc

da

dt
- k(~tl}ln(P) tt)n sol

with ~n(l’) given by an estimate taken from the

asymptotic value of a atthed ofatch of the three data sets

fit to a sircqle polyrranid in pcasurc. This ~ocedurc is

working wll LIW far. Finally, il is of note to observe that

the trend in t.hcrate of porecollapse is thatit becomes faster

with incrasing pressure. 11’Ius it may be that at the higher

pressures of some of the olhcr work on these rnatcsials, such

as that of HOISTICS,7the PS’C collapse may bc so sudden that

the wave is essentially sharp instarstsncottsly validating the

usc of the jump conditions for analysis.
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